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Docket: 740819-605 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re National Phase Patent Application of 
Gaku SUGAHARA et al. 
International Application No. PCT/JPOO/08461 
International Filing Date: November 29, 2000 
For: SEMICONDUCTOR LASER DEVICE, 

METHOD FOR FABRICATING THE 

SAME, AND OPTICAL DISK APPARATUS 

PRELIMINARY AMENDMENT 

Honorable Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please preliminarily amend the subject application as follows: 

IN THE SPECIFICATION : 

Please amend the specification as follows: Please note that specification is 
presented below in its amended form. It is further presented as an Attachment to the 
Amendment whereby the amendments to the specification are outlined using the 
conventional method of bracketing and underlining. 

Please replace page 13, paragraph 3 as follows: 

However, in the first embodiment, niobium oxide is used for the high- 
refi-active-index fihn 13b of the end facet reflective film 13, and the light absorption 
coefficient of niobium oxide is lower than that of titanium oxide. Thus, a rise in 
temperature in the vicinity of the end facet of the resonant cavity 12 can be 
suppressed. As a result, the crystaUinity of the quantum well active layer 1 and the 
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surrounding portions thereof is less likely to deteriorate, and the semiconductor laser 
device can increase its output power. The active layer has a quantum well structure 
in the illustrated embodiment but does not have to do so. 

Please replace page 21, last paragraph as follows: 

In addition, a Group III-V nitride semiconductor, containing gallium nitride 
as a main component, is used as a semiconductor material for the violet-light- 
emitting semiconductor laser device with an oscillation wavelength of about 400 nm. 
Alternatively, any of Group II- VI compound semiconductors such as zinc selenide 
(ZnSe), zinc sulfide (ZnS) and zinc oxide (Zno) may also be used. 
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REMARKS 



The specification has been corrected in accordance with 37 CFR §1.121. 
Examination on the merits is requested. 



Eric J. Robinson 
Registration No. 38,285 

NIXON PEABODY LLP 
8180 Greensboro Drive, Suite 800 
McLean, Virginia 22102 
(703) 790-9110 



Respectfully submitted. 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
Please replace page 13, paragraph 3 as follows: 

However, in the first embodiment, niobium oxide is used for the high- 
refractive-index film 13b of the end facet reflective film 13, and the light absorption 
coefficient of niobium oxide is lower than that of titanium oxide. Thus, a rise in 
temperature in the vicinity of the end facet of the resonant cavity 13 [12] can be 
suppressed. As a result, the crystalUnity of the quantum well active layer 1 and the 
surrounding portions thereof is less likely to deteriorate, and the semiconductor laser 
device can increase its output power. The active layer has a quantum well structure 
in the illustrated embodiment but does not have to do so. 

Please replace page 21, last paragraph as follows: 

In addition, a Group III-V nitride semiconductor, containing gallium nitride 
as a main component, is used as a semiconductor material for the violet-hght- 
emitting semiconductor laser device with an oscillation wavelength of about 400 nm. 
Alternatively, any of Group [II-IV] II- VI compound semiconductors such as zmc 
selenide (ZnSe), zinc sulfide (ZnS) and zinc oxide (Zno) may also be used. 
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DESCRIPTION 

SEMICONDUCTOR LASER DEVICE, METHOD FOR FABRICATING THE SAME, 
AND OPTICAL DISK APPARATUS 

TECHNICAL FIELD 

The present invention relates to a semiconductor laser 
device expectedly applicable to the field of optical informa- 
tion processing, a method for fabricating the device, and an 
optical disk apparatus in which the semiconductor laser de- 
vice is used for its light-emitting portion. 

BACKGROUND ART 

In general, an end facet reflective film is provided on 
15 an end facet of the laser light resonant cavity of a semicon- 
ductor laser device. Particularly, a reflective end facet, 
which is a rear end facet opposite to the laser-light- 
emitting facet, should have a high reflectance. Thus, an end 
facet reflective film with a high reflectance is formed by 
20 alternately stacking low- and high-refractive- index films 
having thicknesses of A/4ni and A/4n2, respectively, where A 
is an oscillation wavelength of the laser light, n^ is a re- 
fractive index at the low-refractive-index film at the wave- 
length of A , and nz is a refractive index of the high- 
25 refractive- index film at the wavelength of A. . 
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Each of the low- and high-refractive-index films making 
up the end facet reflective film should have a sufficiently 
small absorption coefficient at the wavelength of the laser 
light. Thus, silicon dioxide (SiOz) or aluminum oxide (AI2O3), 
each of which has a small absorption coefficient in a wide 
range covering visible to ultraviolet light parts of the 
spectrum, is used for the low-refractive-index films in the 
end facet reflective film. On the other hand, various dielec- 
tric materials are usable for the high-refractive- index film 
in the end facet reflective film depending on the wavelength 
of the laser light. 

For example, in an infrared or red-light-emitting semi- 
conductor laser device of aluminum gallium arsenide (AlGaAs) 
that outputs a laser beam with a wavelength of about 780 nm, 
amorphous silicon ( a -Si) is used for the high-refractive- 
index films of the device. In this case, the absorption coef- 
ficient of amorphous silicon to light with a wavelength of 
780 nm is 4X10^ cm~\ 

Exemplary applications of this infrared or red-light- 
emitting semiconductor laser device to the field of optical 
disk apparatuses include a laser device for a 4x CD-R (CD- 
recordable), on which data can be written only once four 
times faster than normal speed. In the laser device for the 
4x CD-R, a multiple pairs of silicon dioxide and amorphous 
silicon films are stacked as an end facet reflective film for 



the rear end facet. For example, if the end facet reflective 
film is made up of two pairs (cycles) of silicon dioxide and 
amorphous silicon films, the reflectance can be 95%. 

* By using this end facet reflective film, a laser device 

5 for a 4x CD-R can have an optical output of 100 mW in a 
pulsed drive mode at a duty cycle of 50% or 80 mW in a con- 
tinuous-wave (CW) drive mode. 

On the other hand, titanium oxide (Ti02) is used instead 
of amorphous silicon for the high-refractive-index films of a 
10 red-light-emitting semiconductor laser device of aluminum 
gallium indium phosphide (AlGalnP) that outputs a laser beam 
with a wavelength of about 650 nm. Amorphous silicon is not 
used because of the following reason. If amorphous silicon 
was used for the end facet reflective film, light absorbed 

15 into the amorphous silicon layer would increase because the 
absorption coefficient of amorphous silicon to light with a 
wavelength of around 650 nm is high. Due to a rise in tem- 
perature caused by this light absorption, the crystallinity 
of the laser device in the vicinity of the resonant cavity 

20 end facet thereof deteriorates, and thus the reliability of 
the device declines . 

In view of this, titanium oxide, having a refractive in- 
dex sufficiently higher than that of silicon dioxide and an 
absorption coefficient lower than that of amorphous silicon, 

25 is used for the end facet reflective film of the red-light- 
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emitting semiconductor laser device with a wavelength of 
about 650 nm. The absorption coefficient of amorphous silicon 
to light with a wavelength of 650 nm is IX 10^ cm'S while the 
absorption coefficient of titanium oxide to light with a 
wavelength of 650 nm is 2 cm"^. 

Also, in a violet-light-emitting semiconductor laser de- 
vice with an oscillation wavelength of about 400 nm, which 
has now been developed, a stacked structure made up of sili- 
con dioxide and titanium oxide films is used as an end facet 
reflective film. For example, a semiconductor laser device of 
aluminum indium gallium nitride (AlInGaN) in which a stack of 
silicon dioxide and titanium oxide films is used as the end 
facet reflective film was reported in Jpn. J. Appl. Phys . 
vol. 38 (1999) pp. L184-L186. The absorption coefficient of 
titanium oxide to light with a wavelength of 400 nm is 2400 
cm"-"- . 

Recently, a semiconductor laser device for an optical 
disk apparatus has to increase its output power to speed up a 
recording operation on an optical disk and to decrease its 
wavelength to increase the recording density. 

However, there is a problem that neither the known end 
facet reflective film as a stack of silicon dioxide and amor- 
phous silicon films for the infrared or red-light-emitting 
semiconductor laser device with an oscillation wavelength of 
about 7 80 nm nor the known end facet reflective film as a 



stack of silicon dioxide and titanium oxide films for the 
red-light-emitting semiconductor laser device with an oscil- 
lation wavelength of about 650 nm can meet the demand of in- 
creasing the output power of laser devices. 

Further, there is another problem that the end facet re- 
flective film as a stack of silicon dioxide and titanium ox- 
ide films for the violet-light-emitting semiconductor laser 
device with an oscillation wavelength of about 400 nm cannot 
meet the demand of decreasing the wavelength of laser de- 
vices . 

This is because the light, emitted from these semicon- 
ductor laser device, is absorbed into the high-refractive- 
index film at an insufficiently small coefficient. Accord- 
ingly, if any of these laser devices increases its output 
power, the temperature rises markedly due to the increase in 
the amount of light absorbed into the high-refractive-index 
film. As a result, the crystallinity of the semiconductor la- 
ser devices deteriorates especially in part of the active re- 
gion near the resonant cavity end facet thereof. 

In the same way, if a laser device should have an oscil- 
lation wavelength as short as 400 nm or less, it is difficult 
to operate the device properly with a known end facet reflec- 
tive film as a stacked structure including silicon dioxide. 
This is because the absorption coefficient of titanium oxide 
increases greatly at those short wavelengths. 



DISCLOSURE OF INVENTION 

It is therefore an object of the present invention to 
* solve these problems of the prior art and obtain an end facet 
reflective film that can meet the demand of increasing the 
5 output power, or decreasing the wavelength, of semiconductor 
laser devices . 

To achieve this object, according to the present inven- 
tion, niobium oxide (NbsOs) is used for a high-refractive- 
index film in an end facet reflective film for a semiconduc- 
10 tor laser device. 

Specifically, a first inventive semiconductor laser de- 
vice includes: a resonant cavity made up of a plurality of 
semiconductor layers; and a reflective film, which contains 
niobium oxide and is formed on an end facet of the resonant 
15 cavity. 

In the first semiconductor laser device, the reflective 
film formed on the end facet of the resonant cavity contains, 
for example, niobium oxide having a light absorption coeffi- 
cient smaller than that of titanium oxide. Thus, a smaller 

20 quantity of laser light is absorbed thereto compared to tita- 
nium oxide, and a rise in temperature of the reflective film 
is suppressed. As a result, it is possible to prevent the 
crystal structure of the semiconductor layers from deterio- 
rating in the vicinity of the end facet of the resonant cav- 

25 ity, and the laser device can increase its output power or 
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decrease its wavelength. 

A second inventive semiconductor laser device includes: 
' a resonant cavity made up of a plurality of semiconductor 
layers; and a reflective film, which is formed on an end 
5 facet of the resonant cavity and includes a first dielectric 
layer and a second dielectric layer having a refractive index 
greater than that of the first dielectric layer. The second 
dielectric layer is made of niobium oxide. 

The second semiconductor, laser device achieves the same 
10 effects as those of the first semiconductor laser device. In 
addition, the reflective film is made up of the high- 
refractive- index film of niobium oxide and the first dielec- 
tric layer with a refractive index smaller than that of nio- 
bium oxide. Thus, the reflectance can be increased as 
15 intended. 

A third inventive semiconductor laser device includes: a 
resonant cavity made up of a plurality of semiconductor lay- 
ers; and a reflective film, which is formed on an end facet 
of the resonant cavity by alternately stacking first and sec- 

20 ond dielectric layers. Each of the second dielectric layers 
has a refractive index greater than that of the first dielec- 
tric layers. At least one of the second dielectric layers, 
which is closest to the end facet of the resonant cavity, is 
made of niobium oxide. 

25 In the third semiconductor laser device, the reflective 
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films of the second semiconductor laser device are stacked a 
number of times. Accordingly, the reflectance further in- 
creases. Moreover, in a laser device with an oscillation 
wavelength belonging to the red part of the spectrum, a di- 
electric with a refractive index greater than that of niobium 
oxide, e.g., titanium oxide, may be used for the second di- 
electric layer located on the other side of the reflective 
film that is opposite to the end facet of the resonant cav- 
ity, i.e., the outermost second dielectric layer. Then, it is 
possible to increase the reflectance of the reflective film 
because the absorption coefficient of titanium oxide is not 
so high, either, in the red part of the spectrum. 

In the second or third semiconductor laser device, the 
first dielectric layer is preferably made of silicon dioxide 
or aluminum oxide. 

In the first through third semiconductor laser devices, 
the resonant cavity preferably has an oscillation wavelength 
of about 400 nm or less. 

In the first through third semiconductor laser devices, 
the semiconductor layers are preferably made of Group III - V 
nitride semiconductors. 

A first inventive method for fabricating a semiconductor 
laser device includes the steps of: forming a resonant cavity 
structure by sequentially depositing a plurality of semicon- 
ductor layers on a substrate; exposing an end facet of a 



resonant cavity on the semiconductor layers by cleaving or 
etching the substrate on which the semiconductor layers have 
* been deposited; and forming a reflective film containing nio- 
bium oxide on the exposed end facet of the resonant cavity. 
5 According to the first method for fabricating a semicon- 

ductor laser device, by cleaving or etching a substrate on 
which a plurality of semiconductor layers have been depos- 
ited, the end facet of a resonant cavity is exposed on the 
semiconductor layers and a reflective film containing niobium 

10 oxide is formed on the exposed end facet of the resonant cav- 
ity. In this manner, the first inventive semiconductor laser 
device is formed. 

In the first method for fabricating a semiconductor la- 
ser device, the step of forming the reflective film prefera- 

15 bly includes the step of forming the reflective film as a 
multilayer structure including a first dielectric layer with 
a refractive index smaller than that of niobium oxide and a 
second dielectric layer of niobium oxide. Then, the second or 
third inventive semiconductor laser device is formed. 

20 In the first method for fabricating a semiconductor la- 

ser device, the reflective film is preferably formed by a 
sputtering process or a reactive sputtering process. 

In the first method for fabricating a semiconductor la- 
ser device, the semiconductor layers are preferably made of 

25 Group III-V nitride semiconductors. 
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An inventive optical disk apparatus includes: a light- 
emitter including a semiconductor laser device; a condensing 
optical system that condenses laser light emitted from the 
light-emitter on a storage medium on which data has been re- 
corded; and a photodetector that detects part of the laser 
light that has been reflected from the storage medium. The 
semiconductor laser device includes: a resonant cavity made 
up of a plurality of semiconductor layers; and a reflective 
film, which contains niobium, oxide and is formed on an end 
facet of the resonant cavity. 

In the inventive optical disk apparatus, the semiconduc- 
tor laser device as the light-emitter includes the reflective 
film that contains niobium oxide and is formed on the end 
facet of the resonant cavity. Accordingly, the light-emitter 
can cope with the demand of increasing the output power, or 
decreasing the wavelength, of the semiconductor laser device. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a perspective view showing a violet-light- 
emitting semiconductor laser device according to a first em- 
bodiment of the present invention. 

FIG. 2 is a schematic view showing how to make the re- 
flective end facet of the violet-light-emitting semiconductor 
laser device according to the first embodiment of the present 
invention. 
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FIGS. 3(a) and 3(b) show the wavelength dependence of a 
high-refractive-index film in an end facet reflective film 
• for the violet-light-emitting laser device according to the 
first embodiment of the present invention: FIG. 3(a) is a 
5 graph showing the light absorption coefficient thereof; and 
FIG. 3(b) is a graph showing the refractive index thereof. 

FIG. 4 is a graph showing how the reflectance of the end 
facet reflective film of the violet-light-emitting semicon- 
ductor laser device according, to the first embodiment of the 
10 present invention to light with a wavelength of 400 nm 
changes depending on the thickness thereof. 

FIG. 5 is a perspective view showing an infrared- or 
red-light-emitting semiconductor laser device according to a 
second embodiment of the present invention. 
15 FIG. 6 is a schematic representation showing an arrange- 

ment for an optical disk apparatus according to a third em- 
bodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

20 EMBODIMENT 1 

A first embodiment of the present invention will be de- 
scribed with reference to the drawings . 

FIG. 1 shows a semiconductor laser device according to 
the first embodiment of the present invention, which is a 
25 violet-light-emitting semiconductor laser device with an os- 

11 



dilation wavelength of about 400 nm. 

As shown in FIG. 1, the semiconductor laser device 10 
includes a resonant cavity 12 in which a quantum well active 
layer 11 made up of barrier layers of gallium nitride (GaN), 
for example, and well layers of indium gallium nitride ( In- 
GaN) , for example, is vertically sandwiched between at least 
light guide layers of n- and p-type aluminum gallium nitride 
(AlGaN), for example. 

An end facet reflective . film 13 is formed on a reflec- 
tive end facet 10b opposite to a light-emitting end facet 10a 
for laser light 100 in the resonant cavity 12. 

The end facet reflective film 13 has a structure includ- 
ing a plurality of unit reflective films 130, each of which 
is made up of a low-refractive-index film 13a of silicon di- 
oxide (SiOz) as a first dielectric layer and a high- 
refractive-index film 13b of niobium oxide (NbzOg) as a sec- 
ond dielectric layer. The low- and high-refractive-index 
films 13a and 13b are deposited in this order on the end 
facet of the resonant cavity 12. 

The thicknesses of the low- and high-refractive-index 
films 13a and 13b and the number of unit reflective films 130 
can be set to respective appropriate values according to the 
specifications of the semiconductor laser device. For exam- 
ple, if three pairs of unit reflective films 130, each of 
which is made up of silicon dioxide and niobium oxide films 
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having thicknesses of about 68 nm and about 40 nm, respec- 
tively, are formed, the end facet reflective film 13 can have 
a reflectance of about 93.9%. 

In this case, even if titanium oxide (TiOs) is used for 
the high-refractive-index film 13b as a reflective film for 
laser light with an oscillation wavelength of about 400 nm as 
in the know method, the resultant reflectance can be substan- 
tially equal to that obtained by niobium oxide. 

However, in the first embodiment, niobium oxide is used 
for the high-refractive-index film 13b of the end facet re- 
flective film 13, and the light absorption coefficient of 
niobium oxide is lower than that of titanium oxide. Thus, a 
rise in temperature in the vicinity of the end facet of the 
resonant cavity 13 can be suppressed. As a result, the crys- 
tallinity of the quantum well active layer 11 and the sur- 
rounding portions thereof is less likely to deteriorate, and 
the semiconductor laser device can increase its output power. 
The active layer has a quantum well structure in the illus- 
trated embodiment but does not have to do so. 

Further, the first embodiment is effective not only in 
increasing its output power but also in decreasing its oscil- 
lation wavelength to as short as 4 00 nm or less belonging to 
the ultraviolet light part of the spectrum. Specifically, if 
the unit reflective films 130 of silicon dioxide and titanium 
oxide are used for an end facet reflective film 13 for an ul- 
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traviolet-light-emitting semiconductor laser device, the de- 
vice will be degraded due to the absorption of light into ti- 
- tanium oxide. In contrast, in the first embodiment, the light 
absorption coefficient of niobium oxide is smaller than that 
5 of titanium oxide even in the ultraviolet light part of the 
spectrum. Accordingly, degradation of the device because of 
the decreased wavelength can be suppressed. 

The niobium oxide film also serves as a passivation film 
preventing water, hydrogen, , or the like, from externally 

10 penetrating and diffusing into the laser device. A Group III- 
V nitride semiconductor, which is a semiconductor material 
expectedly applicable to emitting violet light with an oscil- 
lation wavelength of about 400 nm, tends to have its electri- 
cal properties deteriorated by hydrogen, in particular, by 

15 nature. However, in the semiconductor laser device according 
to this embodiment, one of the resonant cavity end facets is 
covered with niobium oxide that prevents the penetration of 
hydrogen. Thus, it is possible to prevent the degradation of 
the device due to the diffusion of extraneous impurities such 

20 as hydrogen. 

Hereinafter, a method for fabricating a semiconductor 
laser device having this structure will be described with 
reference to the drawings . 
25 FIG. 2 schematically shows a method for fabricating a 

14 



semiconductor laser device according to the first embodiment 
of the present invention, which is a method for forming an 
^ end facet reflective film by a sputtering process. In this 
case, a magnetron sputtering system, for example, may be used 
5 as a sputtering deposition system. 

First, a schematic structure of the deposition system 
will be described. 

As shown in FIG. 2, the magnetron sputtering system 20 
includes a deposition chamber 23. The chamber 23 has: a gas 
10 inlet port 21 in the upper part of a wall thereof; and an 
outlet port 22 in the lower part of another wall thereof so 
that the port 22 faces the gas inlet port 21. 

An anode 24 is disposed on the bottom of the deposition 
chamber 23, and a laser device prototype lOA, on which the 
15 reflective film should be deposited, is mounted on the anode 
24 with the reflective end facets of the resonant cavities 12 
facing upward. In this case, the laser device prototype lOA 
is a striped semiconductor wafer in which multiple resonant 
cavities 12 have been formed. And the laser device prototype 
20 lOA has been cleaved in a direction substantially vertical to 
the length of the resonant cavities to expose the reflective 
end facets 10b. 

A plate magnetron electrode 26, on which a plate target 
member 25 of niobium oxide (NbaOs) is placed to face the an- 
25 ode 24, is disposed on the ceiling of the deposition chamber 



15 



23. Thus, the exposed reflective end facets 10b of the laser 
device prototype lOA face the target member 25. 

Next, a deposition method will be described. 
First, a plasma generating gas, containing argon (Ar) as 
5 a main component, is introduced through the gas inlet port 21 
into the deposition chamber 23, with a reduced pressure. 
Then, a radio frequency power is applied to the target member 
25 to generate a plasma in the vicinity of the surface of the 
target member 25. At this time, the surface of the target 

10 member 25 is subjected to sputtering by argon ions colliding 
against the target member 25. As a result, a dielectric film 
is deposited on the reflective end facets 10b of the laser 
device prototype lOA placed on the anode 24. In the first em- 
bodiment, three pairs of unit reflective films 130 made up of 

15 the low- and high-refractive-index films 13a and 13b of sili- 
con dioxide and niobium oxide, respectively, are formed, for 
example. 

The low-refractive-index film 13b is deposited by a re- 
active sputtering process using silicon (Si) for the target 
20 member 25, argon (Ar) for plasma generating gas, and oxygen 
(O2) for the reactive gas. 

On the other hand, where the high-refractive-index film 
13b is deposited by subjecting the target member 25 of nio- 
bium oxide to sputtering using argon ions, the mole fraction 
25 of oxygen in the niobium oxide film deposited is likely lower 
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than that defined by stoichiometry . Accordingly, to prevent 
this deficiency of oxygen in niobium oxide, an oxygen gas is 
preferably introduced along with the argon gas during the 
deposition process. 

In this embodiment, the flow rate of argon supplied is 
set to about 10 seem (standard cubic centimeter per minute) 
and the flow rate of oxygen supplied is set to about 4 0 seem. 
In addition, the pressure inside the deposition chamber 23 is 
set to about 0.1 Pa and the radio frequency power is set to 
about 1 kW during the deposition process. On these condi- 
tions, a high-refractive-index film 13b of niobium oxide can 
be deposited at a deposition rate of about 8 nm/min with sub- 
stantially no oxygen deficiency produced. 

Niobium oxide is used for the target member 25 to de- 
posit the high-refractive-index film 13b. Alternatively, the 
film may be deposited by a reactive sputtering process using 
metal niobium (Nb) for the target member 25 and an oxygen gas 
as a reactive gas . 

Further, the end facet reflective film 13 is preferably 
deposited in vacuo throughout the process to prevent the con- 
tamination of the interface between the low- and high- 
refractive- index films 13a and 13b of silicon dioxide and 
niobium oxide, respectively. For this purpose, it is prefer- 
able to use a sputtering system with a multi-chamber struc- 
ture including two deposition chambers for silicon dioxide 
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and niobium oxide, respectively, or a sputtering system with 
a multi-source structure in which source materials for sili- 
* con dioxide and niobium oxide, are prepared in one deposition 
chamber. 

5 As described above, a dielectric film with a low absorp- 

tion coefficient and a high refractive index can be deposited 
relatively easily by using niobium oxide (NbzOs) . Thus, this 
material is easily applicable not only to the violet-light- 
emitting semiconductor laser, device but also to laser de- 
10 vices, e.g., a red-light-emitting semiconductor laser device, 
that emit laser light in other wavelength parts of the spec- 
trum. 

FIGS. 3(a) and 3(b) show results of evaluations that 
were obtained using a spectroscopic ellipsometry . Specif i- 

15 cally, FIGS. 3(a) and 3(b) illustrate the wavelength distri- 
butions of light absorption coefficient and refractive index 
for the high-refractive- index film of niobium oxide according 
to the first embodiment and a comparative high-refractive- 
index film of titanium oxide deposited by a reactive sputter- 

20 ing process. 

As shown in FIG. 3(a), as the wavelength decreases the 
absorption coefficient of niobium oxide, indicated by the 
solid line, increases monotonically but is much smaller than 
that of titanium oxide as indicated by the broken line. Com- 

25 paring the absorption coefficients thereof at a wavelength 
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of, e.g., 400 nm, it can be seen that the absorption coeffi- 
cient of titanium oxide is 2400 cm"^ while that of niobium 
' oxide is 109 cm"^. 

On the other hand, as the wavelength decreases the re- 
5 fractive index of niobium oxide increases raonotonically as 
shown in FIG. 3(b) but is somewhat smaller than that of tita- 
nium oxide. As can be seen, titanium oxide has a greater re- 
fractive index than that of niobium oxide. Comparing the 
refractive indexes thereof at. a wavelength of, e.g., 400 nm, 

10 the refractive index of titanium oxide is 2.95 while that of 
niobium oxide is 2.52- 

In general, a laser device deteriorates non-negligibly 
due to light absorption in a situation where the light ab- 
sorption coefficient is 10^ cm"^ to 10^ cm"^ or more. Supposing 

15 a wavelength range corresponding to a light absorption coef- 
ficient of 10^ cm"^ or less is applicable to a material for 
the end facet reflective film 13, titanium oxide cannot cope 
with various wavelengths of about 3 70 nm or less but niobium 
oxide can cope with various wavelengths no shorter than to 

20 about 340 nm. 

As shown in FIG. 3(b), the refractive index of niobium 
oxide is somewhat smaller than that of titanium oxide but 
sufficiently greater than that of silicon dioxide (SiOa) for 
the low-refractive-index film 13a. Thus, by using the unit 

25 reflective films 130 each made up of silicon dioxide and nio- 
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bium oxide films, the end facet reflective film 13 can obtain 
a sufficiently high reflectance. 

FIG. 4 shows how the reflectance of the end facet re- 
flective film of the semiconductor laser device according to 
5 the first embodiment to the light with a wavelength of 400 nm 
changes depending on the thickness thereof. In this case, 
three pairs of unit reflective films 130, each of which is 
made up of the low-refractive- index film 13a of silicon diox- 
ide with a thickness of about 68 mu determined by /L /4ni and 

10 the high-refractive-index film 13b of niobium oxide with a 
thickness of about 4 0 nm determined by A /4n2, are stacked, 
thereby obtaining the end facet reflective film 13 with a re- 
flectance of about 93.9 %, where A is 400 nm, nx is the re- 
fractive index of silicon dioxide at the wavelength of 400 

15 nm, and nj is the refractive index of niobium oxide at the 
wavelength of 400 nm. 

In the first embodiment, a magnetron sputtering system 
is used in a deposition process for the niobium oxide film. 
Alternatively, ECR, radio frequency or helicon sputtering 

20 systems may also be used. 

If the unit reflective film 130, made up of the low- and 
high-refractive-index films 13a and 13b, has had one of its 
low-refractive-index films 13a formed on the end facet, a 
difference in refractive index will be caused between the 

25 low-refractive-index film 13a and a semiconductor layer in 
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contact with the film 13a. As a result, the reflectance of 
the unit reflective film 130 increases. However, although the 
- reflectance decreases one of the high-refractive-index films 
13b may provided on the end facet, or each of the innermost 
5 and outermost unit reflective films 130 may terminate with 
just one of the two types of films, i.e., the low- or high- 
refractive-index films 13a or 13b may be provided as inner- 
most and outermost films. Even so, the effects of the present 
invention will not be lost. 
10 Further, silicon dioxide is used for the low-refractive- 

index film 13a. Alternatively, aluminum oxide (AI2O3) may be 
used. 

Furthermore, a silicon dioxide or aluminum oxide film 
with a low refractive index may also be provided as a pas- 
15 sivation film on the light-emitting end facet 10a of the 
resonant cavity 12, i.e., opposite to the reflective end 
facet 10b. 

In addition, a Group III - V nitride semiconductor, con- 
taining gallium nitride as a main component, is used as a 
20 semiconductor material for the violet-light-emitting semicon- 
ductor laser device with an oscillation wavelength of about 
400 nm. Alternatively, any of Group II-IV compound semiconduc- 
tors such as zinc selenide (ZnSe), zinc sulfide (ZnS) and 
zinc oxide (ZnO) may also be used. 

25 
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EMBODIMENT 2 

Hereinafter, a second embodiment of the present inven- 
tion will be described. 

In the first embodiment described above, niobium oxide 
is used for the high-refractive-index film that can cope with 
the demand for decreased wavelength. On the other hand, the 
second embodiment is adapted to cope with the demand for in- 
creasing the output power of a semiconductor laser device 
with a long oscillation wavelength covering infrared to red 
parts of the spectrum. 

For example, a laser device for a 16x CD-R, on which 
data can be written only once sixteen times faster than nor- 
mal speed, should have an optical output of 150 mW in a 
pulsed drive mode at a duty cycle of 50% and 110 mW in a CW 
drive mode. Thus, the known end facet reflective film, which 
is made up of a low-refractive-index film of silicon dioxide 
and a high-refractive-index film of amorphous silicon, cannot 
attain sufficient reliability. 

In view of this, in the second embodiment, first and 
second dielectric layers for an end facet reflective film are 
made of silicon dioxide (SiOj) and niobium oxide (Nb205), re- 
spectively, thereby ensuring long-term reliability for an in- 
frared- or red-light-emitting semiconductor laser device for 
the 16x CD-R. 

FIG. 5 shows a semiconductor laser device according to 
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the second embodiment of the present invention, which is an 
infrared- or red-light-emitting semiconductor laser device 
- with an oscillation wavelength of about 780 nm. 

As shown in FIG. 5, the semiconductor laser device 30 
5 includes a resonant cavity 32 in which a quantum well active 
layer 31 made up of barrier layers of aluminum gallium ar- 
senide (AlGaAs), for example, and well layers of gallium ar- 
senide (GaAs), for example, is vertically sandwiched between 
at least light guide layers of n- and p-type aluminum gallium 
10 arsenide (AlGaAs), for example. The active layer also has a 
quantum well structure in the second embodiment but does not 
have to do so. 

An end facet reflective film 33 is formed on a reflec- 
tive end facet 30b opposite to a light-emitting end facet 30a 
15 for laser light 100 in the resonant cavity 32. 

The end facet reflective film 33 has a structure includ- 
ing a plurality of unit reflective films 330, each of which 
is made up of a low-refractive- index film 33a of silicon di- 
oxide as a first dielectric layer and a high-refractive-index 
20 film 33b of niobium oxide as a second dielectric layer. The 
low- and high-refractive- index films 33a and 33b are depos- 
ited in this order on the end facet of the resonant cavity 
32. 

The thicknesses of the low- and high-refractive- index 
25 films 33a and 33b and the number of unit reflective films 330 



can be set to respective appropriate values according to the 
specifications of the semiconductor laser device. For exam- 
ple, if the silicon dioxide and niobium oxide films for two 
pairs of unit reflective films 330 are formed to have their 
thicknesses determined by A/4i and A/42, respectively, , the 
end facet reflective film 33 can have a reflectance of about 
85%. 

According to the second embodiment, niobium oxide is 
used for the high-refractive- index film 33b of the end facet 
reflective film 33 formed on the reflective end facet 30b of 
the resonant cavity 32, and the light absorption coefficient 
of niobium oxide is smaller than that of amorphous silicon. 
Thus, a rise in temperature in the vicinity of the end facet 
of the resonant cavity 33 can be suppressed. As a result, the 
crystallinity of the quantum well active layer 31 and the 
surrounding portions thereof is less likely to deteriorate, 
and the semiconductor laser device can increase its output 
power . 

This is because the light absorption coefficient of 
amorphous silicon to light with a wavelength of 780 nm is 4X 
10^ cm"^ while that of niobium oxide to light with a wave- 
length of 780 nm is substantially zero, i.e., 10"^ cm"^ or 
less, and the absorption of light into the end facet reflec- 
tive film 33 can be greatly reduced. 

As a modified example for the second embodiment, amor- 
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phous silicon hydride (a-SiiH), i.e., amorphous silicon con- 
taining hydrogen, may be used instead of niobium oxide for 
* the high-refractive-index film 33b in the second unit for the 
end facet reflective film 33. Then, the end facet reflective 
5 film 33 can have its reflectance increased to about 90%. 

In view of those points, to increase the output power of 
an infrared- or red-light-emitting semiconductor laser de- 
vice, niobium oxide may be used for each of the high- 
refractive-index films 33b in the two pairs of unit reflec- 
10 tive films 330, and the end facet reflective film 33 may be 
made up of three or more pairs of unit reflective films 330. 

Where the output power does not have to be so high, 
{e.g., in a laser device for a 4x CD-R) a dielectric, having 
a refractive index greater than that of niobium oxide, may be 
15 used for the outer high-refractive-index films 33b in all 
unit reflective films 330, other than the first unit on the 
reflective end facet 30b, to obtain a high reflectance at a 
predetermined amount of current injected. 

20 EMBODIMENT 3 

Hereinafter, a third embodiment of the present invention 
will be described with reference to the drawing. 

FIG. 6 schematically shows an arrangement for an optical 
disk apparatus according to the third embodiment of the pre- 
25 sent invention. In FIG. 6, in the optical disk apparatus ac- 



25 



cording to the third embodiment, the semiconductor laser de- 
vice of the present invention, i.e., the violet-light- 
* emitting semiconductor laser device according to the first 
embodiment, is used as a light-emitter 41 of the optical disk 
5 apparatus. 

As shown in FIG. 6, in the optical disk apparatus, the 
light-emitting end facet of the semiconductor laser device as 
the light-emitter 41 and the data-retaining surface of the 
optical disk 50 as a storage medium, on which desired data 

10 has been recorded, are disposed to face each other. A con- 
densing optical system 40 is placed between the light-emitter 
41 and the optical disk 50. 

In the condensing optical system 40, collimator lens 42 
that changes the light 51, emitted from the light-emitter 41, 

15 into parallel light; diffraction grating 43 that divides the 
parallel light into three beams (not shown); half prism 44 
that transmits the emitted light 51 and changes the optical 
path of the light 52 reflected from the optical disk 50; and 
condenser lens 45 that focuses the three beams onto the opti- 

20 cal disk 50, are arranged in this order so that the lens 42 
is closest to the light-emitter 41. In the illustrated em- 
bodiment, las er light with a wavelength of about 400 nm is 
used as the emitted light 51. 

Each of the three beams is focused onto the optical disk 

25 50 is the shape of spot with a size of about 0.4 /im. A drive 



circuit 46 is provided to correct the radial shift of the op- 
tical disk 50 by adequately moving the condenser lens 45. The 
- shift is detected based on the positions of the three spots. 

A receiving lens 47 that condenses the reflected light 
5 52; cylindrical lens 48 that detects a focus error; and pho- 
todiode 49 as a photodetector for converting the condensed 
reflected light 52 into an electrical signal are arranged on 
the optical path of the light 52 reflected from the half 
prism 44. 

10 In this manner, the semiconductor laser device is used 

as the light-emitter 41 of the optical disk apparatus includ- 
ing: the condensing optical system 40 that guides the emit- 
ted-light 51 to the optical disk 50; and the photodiode 49 
receiving the light 52 that has been reflected from the opti- 

15 cal disk 50. In the laser device, niobium oxide, which has a 
light absorption coefficient smaller than that of amorphous 
silicon or titanium oxide, is used for the high-refractive- 
index film in the end facet reflective film formed on the end 
facet opposite to the light-emitting end facet. Thus, if the 

20 device should have an oscillation wavelength as short as 
about 400 nm or less, it is possible to ensure long-term re- 
liability for the light-emitter 41, and eventually for the 
optical disk apparatus. 

As a modified example of the third embodiment, if the 

25 infrared- or red-light-emitting semiconductor laser device 
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according to the second embodiment is used as the semiconduc 
tor laser device as the light-emitter 41, the apparatus real 
izes long-term reliability as a 16x CD-ROM drive. 
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CLAIMS 



1 . A semiconductor laser device characterized by com- 
prising: 

a resonant cavity made up of a plurality of semiconduc- 
tor layers; and 

a reflective film, which contains niobium oxide and is 
formed on an end facet of the resonant cavity. 

2. The semiconductor laser device of Claim 1, character- 
ized in that the resonant cavity has an oscillation wave- 
length of about 400 nm or less. 

3. The semiconductor laser device of Claim 1, character- 
ized in that the semiconductor layers are made of Group III-V 
nitride semiconductors. 

4 . A semiconductor laser device characterized by com- 
prising: 

a resonant cavity made up of a plurality of semiconduc- 
tor layers; and 

a reflective film, which is formed on an end facet of 
the resonant cavity and includes a first dielectric layer and 
a second dielectric layer having a refractive index greater 
than that of the first dielectric layer, 

the device being characterized in that the second di- 
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electric layer is made of niobium oxide. 



5. The semiconductor laser device of Claim 4, character- 
ized in that the first dielectric layer is made of silicon 
dioxide or aluminum oxide. 

6. The semiconductor laser device of Claim 4, character- 
ized in that the resonant cavity has an oscillation wave- 
length of about 400 nra or less. 

7. The semiconductor laser device of Claim 4, character- 
ized in that the semiconductor layers are made of Group III-V 
nitride semiconductors . 

8 . A semiconductor laser device characterized by com- 
prising: 

a resonant cavity made up of a plurality of semiconduc- 
tor layers; and 

a reflective film, which is formed on an end facet of 
the resonant cavity by alternately stacking first and second 
dielectric layers, each said second dielectric layer having a 
refractive index greater than that of the first dielectric 
layers , 

the device being characterized in that at least one of 
the second dielectric layers, which is closest to the end 
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facet of the resonant cavity, is made of niobium oxide. 

9. The semiconductor laser device of Claim 8, character- 
ized in that the first dielectric layers are made of silicon 
dioxide or aluminum oxide. 

10. The semiconductor laser device of Claim 8, charac- 
terized in that the resonant cavity has an oscillation wave- 
length of about 400 nm or less. 

11. The semiconductor laser device of Claim 8, charac- 
terized in that the semiconductor layers are made of Group 
III-V nitride semiconductors. 

12. A method for fabricating a semiconductor laser de- 
vice, characterized by comprising the steps of: 

forming a resonant cavity structure by sequentially de- 
positing a plurality of semiconductor layers on a substrate; 

exposing an end facet of a resonant cavity on the semi- 
conductor layers by cleaving or etching the substrate on 
which the semiconductor layers have been deposited; and 

forming a reflective film containing niobium oxide on 
the exposed end facet of the resonant cavity. 

13. The method of Claim 12, characterized in that the 
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step of forming the reflective film includes the step of 
forming the reflective film as a multilayer structure includ- 
ing a first dielectric layer with a refractive index smaller 
than that of niobium oxide and a second dielectric layer of 
niobium oxide. 

14. The method Claim 12, characterized in that the re- 
flective film is formed by a sputtering process or a reactive 
sputtering process, 

15. The method for Claim 12, characterized in that the 
semiconductor layers are made of Group III-V nitride semicon- 
ductors . 

16. An optical disk apparatus characterized by compris- 
ing: 

a light-emitter including a semiconductor laser device; 

a condensing optical system that condenses laser light 
emitted from the light-emitter on a storage medium on which 
data has been recorded; and 

a photodetector that detects part of the laser light 
that has been reflected from the storage medium, 

the laser device being characterized by including: 

a resonant cavity made up of a plurality of semiconduc- 
tor layers; and 
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a reflective film, which contains niobium oxide and is 
formed on an end facet of the resonant cavity. 
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ABSTRACT 



A semiconductor laser device (10) includes a resonant 
cavity (12) in which a quantum well active layer (11) made up 
5 of barrier layers of gallium nitride and well layers of in- 
dium gallium nitride is vertically sandwiched between at 
least light guide layers of n- and p-type aluminum gallium 
nitride. An end facet reflective film (13) is formed on a re- 
flective end facet (10b) opposite to a light-emitting end 
10 facet (10a) in the resonant cavity (12). The end facet re- 
flective film (13) has a structure including a plurality of 
unit reflective films (130), each of which is made up of a 
low-refractive- index film (13a) of silicon dioxide and a 
high-refractive-index film (13b) of niobium oxide. The low- 
is and high-refractive-index films are deposited in this order 
on the end facet of the resonant cavity (12). 
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amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in accordance with 
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same subject matter having a filing date before that of the application(s) of which priority is claimed: 



PRIOR FOREIGN/PCT APPLICATION(S) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. 119: 


COUNTRY 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


PRIORITY CLAIMED 
UNDER 35 use 119 


JAPAN 


11-33919S 


30/11/1999 


[ x] YES [ ] NO 








[ ] YES [ ] NO 








[ ] YES [ I NO 








[ J YES [ ] NO 








[ ] YES I 1 NO 



